iNTRoducTioN
In Italy, the pig industry is mainly aimed to the breeding of heavy pig (from 150 to 170 kg BW) for cured meat production with protected designation of origin (pdo; Bosi and Russo, 2004) . Parma and San Daniele hams are the most important (Laureati et al., 2014) . Other PDO Italian dry-cured meat products, such as Piacentina neck, are obtained from pigs that comply with the national requirements established for the raw material of PDO hams. ABSTRAcT: A study was conducted to evaluate the quality and sensory properties of protected designation of origin (PDO) Parma ham and Piacentina neck obtained from heavy pigs (Italian Duroc × Italian Large White) fed barley-based diets. Four diets were tested: 1) a corn-based diet (control), 2) the control diet with 80% of a normal-amylose hulled barley variety (Cometa), 3) the control diet with 80% of a normalamylose hulless barley variety (Astartis), and 4) the control diet with 80% of a low-amylose hulless barley variety (Alamo). All the meat products were analyzed for physicochemical and color parameters. The drycured hams and necks were also evaluated for sensory properties. The data of physicochemical, color, and sensory parameters were separately analyzed by multivariate factor analysis, and interpretation of each extracted factor was based on specific original variables loading on each one. The meat products obtained from pigs fed the barley-based diets differed from those obtained from the control pigs on the PUFA factors characterized by C18:2n-6 and omega-3:omega-6 ratio. In particular, the meat products obtained from pigs fed the barley-based diets had a lower content of C18:2n-6 and a higher omega-3:omega-6 ratio (P < 0.05) than the control. In fresh hams, iodine number and SFA (C16:0 and C18:0) in addition to PUFA and omega-3:omega-6 ratio loaded on the PUFA/SFA factor. The fresh hams produced from pigs fed the barley-based diets had subcutaneous fat (SC) with a lower iodine number and a higher SFA level compared with those produced from the control pigs (P < 0.05). A sex effect was measured for PUFA/SFA and oleic acid factors. In particular, the barrow SC had a lower SFA content, higher PUFA and C18:1n-9cis levels, and a higher iodine number (P < 0.05) than the gilt SC. There were no appreciable differences in the color and sensory properties of meat products obtained from pigs fed the different diets. The hams from barrows differed from those obtained from gilts on the lean properties factor describing properties related to aspect and odor of dry-cured hams. Indeed, the hams from barrows were depreciated compared with the hams from gilts for minor intensity, brightness, and uniformity of the lean, pinkish intermuscular fat and cured odor. In conclusion, barley could be used as a replacement for corn in heavy pig diets for the production of PDO Italian products without negative effects on the physicochemical, color, or sensory characteristics of meat products.
Fresh pork thighs are acceptable for the production of Parma and San Daniele hams when the iodine number and linoleic acid content (C18:2n-6) in subcutaneous fat (Sc) do not exceed 70 and 15%, respectively, according to the regulations of the 2 consortia (Consorzio del Prosciutto di Parma, 2012; Consorzio del Prosciutto di San Daniele, 2014) . Furthermore, the color of the ham slice, uniformly ranging from pink to red and marbled with white fat, is one of the distinctive features of these 2 PDO hams. To this end, the Parma and San Daniele ham disciplinarians have established a maximum limit of 55% on a DM basis for the use of corn in pig diets, the latter being rich in C18:2n-6 fatty acid and yellow pigments, such as carotenes and xanthophylls. Because barley is devoid of yellow pigments and is lower in C18:2n-6 content than corn, it might be a valid alternative to corn in the diets of heavy pigs for the production of PDO Italian meat products. Studies have reported that barley provided during the growing or finishing period improved some carcass and meat characteristics of heavy pigs destined for dry-cured ham production (Daza et al., 2010 (Daza et al., , 2012 .
The aim of this work, as an extension of a previous study on the effect of the replacement of corn with hulled and hulless or low-amylose hulless barley varieties in pig diets (Prandini et al., 2015) , was to evaluate the quality and sensory properties of PDO Parma ham and Piacentina neck by using a multivariate factor approach to extract and interpreter varimax rotated extracted factors.
mATeRiALS ANd meTHodS

Animals, Housing, and Dietary Treatments
Animal care and use practices during the study conformed to the directive of the European Parliament and the Council of the European Union (2010) on the protection of animals used for scientific purposes. The pigs, housing, and dietary treatments were as previously reported by Prandini et al. (2015) . Briefly, 40 gilts and 40 barrows (Italian Duroc × Italian Large White) were homogeneously distributed in 4 groups for sex and initial BW. Then, the pigs were randomly assigned to 1 of 4 dietary treatments. Because chemical composition as well as carbohydrate type can affect the nutritive value of cereal grain, and thereby pig performance and carcass characteristics (Bach Knudsen, 2011), a diet based on corn and 3 diets based on different barley varieties for fiber and starch level and starch type were compared. In particular, the diets were as follows: 1) a corn-based diet (control) where corn was within the maximum level allowed by the regulations of PDO Parma and San Daniele hams (Consorzio del Prosciutto di Parma, 2012; Consorzio del Prosciutto di San Daniele, 2014), 2) the control diet with 80% of a normal-amylose hulled barley variety named Cometa (Cometa), 3) the control diet with 80% of a normal-amylose hulless barley variety named Astartis (Astartis), and 4) the control diet with 80% of a low-amylose hulless barley variety named Alamo (Alamo). The treatments were administered to growing-finishing pigs from 40 to 170 kg for 153 d. The energy and nutrient composition of the corn and barley varieties were as previously described (Prandini et al., 2015 ; Table 1 ). The ingredients, energy, nutrient composition, and in vitro starch characterization of the diets were as reported by Prandini et al. (2015;  Table 2 ).
Fresh Parma Ham Characterization
One trimmed thigh for each slaughtered pig was initiated to the processing of dry-cured Parma ham according to the PDO protocol (Consorzio del Prosciutto di Parma, 2012).
Physicochemical Analyses. The iodine number and fatty acid composition were determined on samples of SC in accordance with the regulations of the consortium of Parma (Consorzio del Prosciutto di Parma, 2012). The iodine number analysis was conducted using the Hanus method 920.158 (AOAC, 1990 ) and fatty acid composition was analyzed by gas chromatography. The preparation of the fatty acid methyl esters was conducted using methanolic HCl in accordance with Stoffel et al. (1959) . The fatty acid methyl esters were then quantified using a Trace Ultra gas chromatograph (Thermo Fisher Scientific Inc., Milano, Italy) equipped with a S 2000 automatic sampler (Thermo Fisher Scientific Inc.), a flame ionization detector, and a SP-2380 capillary column (30 m by 0.25 mm i.d.; 0.20-μm film thickness; Supelco, Inc., Bellefonte, PA). The carrier gas was highpurity helium at 70 kPa and the injection volume was 1 μL. The injector and detector temperatures were kept at 250°C. The column oven temperature was raised from 160°C to 250°C in 20 min. Peak identification was possible with the aid of external standards (Oil Reference Standard, AOCS [American Oil Chemists' Society] number 6 [Supelco, Inc., Bellefonte, PA], and FAME [fatty acid methyl esters] mix C20:1-C20:5 [Supelco, Inc., Bellefonte, PA]). The fatty acids were expressed as a percentage of the total fatty acids, calculated with peak areas corrected by instrumental response factors. The pH was measured after 45 min and 24 h postmortem on thigh in muscles: Semimembranosus muscle (Sm) and biceps femoris muscle (Bf).
Color Analysis. The color was measured on SM, BF, and SC (Minolta Chroma Meter CR-300; Konica Minolta Sensing, Inc., Osaka, Japan). The CIE L* (lightness), a* (redness), and b* (yellowness) color space was used to determine the color. The chroma [c* = (a* 2 + b* 2 ) 1/2 ] and the hue angle {H* = [tan -1 (b*/a*)]} were also calculated. The C* describes the color saturation whereas H* describes the taint (represents the change from the true red axis; a larger number indicates a greater shift from red to yellow).
Dry-Cured Parma Ham and Piacentina Neck Characterization
At the end of ripening, 8 Parma hams (18 mo aged) and 8 Piacentina necks (6 mo aged) for each dietary treatment (32 hams and 32 necks in total) were analyzed for physicochemical and instrumental texture (only hams) parameters and sensory properties.
Physicochemical Analyses. The chemical analyses were conducted on minced ham (without covering fat to reflect the ingestion of the consumer type) and neck slices. All the samples of ham and neck were analyzed for moisture (ISO, 1997) , CP (method 984.13; AOAC, 2000) and ether extract (ISO, 1973) contents. The NaCl content was determined by Volhard titration (method 935.47; AOAC, 1995) after extraction with distilled water (Vestergaard et al., 2005) . The proteolysis index (as percent ratio between nitrogen soluble in 5% trichlo- a-c Within a column, means without a common superscript differ (P < 0.05).
1 All the chemical analyses were conducted on minced ham slices without covering fat.
2 Variables loaded on extracted components.
3 TPA = texture profile analysis.
4 ST = semitendinosus muscle.
5 BF = biceps femoris muscle.
6 PT = penetration test.
7 SC = subcutaneous fat.
roacetic acid determined by the Kjeldahl method after protein precipitation with trichloroacetic acid and total nitrogen) was measured only on the hams using the method described by Careri et al. (1993) . Fatty acid compositions of the ham and neck samples were determined by gas chromatography (as described above) after lipid extraction with Folch's technique modified (Christie, 1989; Prandini et al., 2007) and lipid transesterification (Stoffel et al., 1959) . The pH was measured on the hams in BF and on the lean parts of the necks. A compression test (texture profile analysis [TpA]; Bourne, 1978) was performed on the hams in 3 repetitions for BF and 2 repetitions for semitendinosus muscle (ST) operating at room temperature (20°C ± 1). An Instron Texture Machine (model 5565; Instron, Bucks, UK) with a 100-N load cell and a 50 mm diameter piston was used for TPA. The samples (specimen dimensions: 13 mm height and 16.7 mm diameter) were compressed twice to 60% of their original height at a compression velocity of 1 mm/s. The following texture parameters were calculated: hardness (N; maximum peak force), cohesiveness (ratio of the force areas of the second and first compression cycle), adhesiveness (N × mm; the negative force area between 2 cycles), and springiness (ratio between the distances [mm] covered during the second and first compression cycle).
A penetration test (pT) was conducted on the SC of the hams at room temperature (20°C ± 1) using an Instron Texture Machine (model 5565; Instron) with a 100-N load cell. The forces required to penetrate a thickness of 3 and 4 mm in fat samples (1 cm height) with a probe of 1 mm diameter were recorded to evaluate fat consistency.
Color Analysis. The L*, a*, b*, C*, and H* color values were measured on the necks (lean) and hams (SM, ST, BF, and SC) using a Konica Minolta CM700d spectrophotometer (Konica Minolta Sensing, Inc.) with D65 illuminant.
Sensory Analysis. Sensory analysis was performed on the ham and neck slices by a 6-member expert panel in 8 sessions for the hams (4 hams [1 per dietary treatment]/session) and in 7 sessions for the necks (4-5 necks [minimum 1 per dietary treatment]/session). The following attributes were evaluated: intensity, brightness, uniformity, and marbling of the lean; grayness, pinkness, yellowness, and greasiness of the intermuscular fat; lean and fat consistency; cured and extraneous odor; saltiness; and cured, rancid, extraneous, and soapy taste. The attributes were rated by numeric scales ranging from 0 (devoid of the attribute) to 9 (maximum perception).
Statistical Analysis
Data were presented as descriptive statistics in supplementary materials. The physicochemical characteristics, color, or sensory properties of Parma hams (80 fresh and 32 dry cured) or Piacentina necks (32 dry cured) were separately analyzed by multivariate factor analysis (fA) by using PROC FACTOR of SAS (SAS Inst. Inc., Cary, NC). As deeply argued by Macciotta et al. (2012) , the aim of FA is to synthesize information contained in a data set of n original variables (y 1 , …, y n ) by creating a new data matrix of fewer p variables (X 1 , …, X p ), the socalled latent F. In current context, the original variables were physicochemical, color, or sensory parameters characterizing each tested meat product. The FA assumes that variance of each original variable is split in its common and specific components, defined as communality and uniqueness, respectively (Härdle and Simar, 2003; Macciotta et al., 2012 Macciotta et al., , 2015 . In matrix code, the partitioning of the correlation (or covariance) matrix of the original variables (S) can be written as
in which BB′ is defined as communality and ψ is the residual variance or covariance matrix (Härdle and Simar, 2003) . As a consequence of variance or covariance modeling, each of the n original variables can be represented by linear function of p common factors that generates covariances between variables plus a residual specific variable. In matrix notation, the equations' system could be written as
in which X j is the jth common factor, bij are factor coefficients (loading vectors, being correlations between the original variables and the jth common factor), and e i is the ith residual specific variable. Loadings are the elements of the B matrix used in model [1] . Common factors generate covariances between original variables, whereas the residual specifically contributes only to the individual variation. In current context, the FA was performed on all the traits and an orthogonal varimax rotation was used to rotate axes. Furthermore, to assess the suitability of each data set for FA, a comparison between values of Pearson and partial correlations was performed, with the latter measuring relationships between each pair of variables conditional on all possible effects of the other variables (Macciotta et al., 2012) . This difference is measured by the Kaiser measure of sampling adequacy, which quantifies the difference between the off-diagonal elements of S and the anti-image correlation matrix as Q = PS -1 P, [3] in which P = [diag(S -1 )] -1 (Härdle and Simar, 2003; Macciotta et al., 2012) . Only factors with eigenvalues over 1.0 (Stevens, 2009) were retained and interpreted. Factor scores calculated for every characteristic analyzed on each meat product were treated as a new variable and analyzed as completely randomized design using the GLM procedure of SAS (SAS Inst. Inc.) according to the following model:
in which Y is the score of the pth factor of the kth meat product, μ is the overall mean, τ i is the fixed effect of treatment (i = 1 to 4), β j is the fixed effect of sex (j = 1 or 2), (τβ) ij is the treatment × sex interaction, and e ij is the random residual error. The meat product was the experimental unit. Being not significant, treatment per × sex interaction was removed from the model. Means were post hoc compared by using the LSMEANS option of SAS (SAS Inst. Inc.). Differences were declared at P < 0.05.
ReSuLTS
Interpretation of Extracted Factors
The FA was separately conducted on the physicochemical characteristics, color, or sensory properties of Parma hams (80 fresh and 32 dry cured) or Piacentina necks (32 dry cured). This approach permitted us to have Kaiser measures of sampling adequacy higher than a threshold value of 0.5 for all analyzed data sets. For the physicochemical characteristic data sets, the interpretation of the extracted factors, based on loading vectors reported in Table 1 (fresh hams), Table 2 (dry-cured hams), and Table 3 (dry-cured necks), permitted us to identify 3 factors with the same biological meaning for all 3 tested products: PUFA, MUFA, and SFA. The C18:2n-6 fatty acid and omega-3:omega-6 ratio loaded on the PUFA factors. However, when the FA was performed on fresh hams, some SFA were associated to this factor. Consequently, in this specific data set, the interpretation of the factor (F1) referred to PUFA, reinforced also by iodine number measured only on this product, and SFA together. Furthermore, the PUFA were inversely related to SFA concentrations on this factor, the specific loading vectors being characterized by opposite signs. The C16:1 and C18:1n-11cis fatty acids loaded on the MUFA factors in either fresh or dry-cured meat products. The C14:0 and C16:0 fatty acids loaded on SFA factors in both dry-cured meat products (hams and necks). On the fresh hams (Table 1) , 4 further factors were extracted and interpreted as oleic acid (F3), pH (F4 and F5), and linolenic/eicosenoic acids (F6). For dry-cured hams (Table 2) , 3 factors were associated with texture (F2, F3, and F7), 1 was associated with fat hardness (F6), and the last was related to pH/proteolysis index (F8). The chemical composition (F4) and linolenic acid (F5) were the additional factors extracted for dry-cured necks (Table 3) .
The FA performed on the color of the fresh hams extracted 5 factors ( set of the dry-cured hams were (Table 5) ST/BF yellowness (F1); SM color (F2); BF redness (F3); SC colors, that is, yellowness (F4) or redness (F5); and ST redness (F6). For dry-cured necks (Table 6) , 2 factors were extracted and associated with yellowness (F1) or redness (F2).
The interpretation of the factors extracted by the FA conducted on the sensory property data sets was based on loading vectors shown in the Table 7 (dry-cured hams) and Table 8 (dry-cured necks). Factors with similar biological meanings were identified for the dry-cured hams and necks, and they were consistency (F1 or F3, respectively), lean properties (F2 or F5, respectively), extraneous odor/taste (F3 or F1, respectively), rancidity (F4 or F2, respectively), and intermuscular fat grayness (F5 or F4, respectively). The consistency factors were characterized by properties associated with lean and fat consistency. In the sensory property data set of the dry-cured hams, additional taste properties (saltiness and soapy) loaded on the consistency factor. Lean aspect properties such as brightness and uniformity loaded on the factors defined as lean properties. In the dry-cured hams, the lean properties factor was also characterized by lean intensity, pinkish intermuscular fat, and cured odor. Odors and tastes usually unrelated to dry-cured meat products 1 Within a column, means without a common superscript differ (P < 0.05).
2 BF = biceps femoris muscle.
3 Variables loaded on extracted components. 4 SM = semimembranosus muscle.
5 SC = subcutaneous fat.
loaded on the extraneous odor/taste factors. In the drycured necks, additional sensory properties (cured odor/ taste, lean marbling, pink and greasiness of the intermuscular fat, and saltiness) loaded on the extraneous odor/ taste factor. Rancid taste and intermuscular fat yellowness loaded on the rancidity factors. The FA performed on the sensory properties of the dry-cured hams extracted a further factor describing the lean marbling (F6; Table  7 ). The lean intensity was the additional factor extracted for dry-cured necks (F6; Table 8 ). 1 Within a column, means without a common superscript differ (P < 0.05).
2 ST = semitendinosus muscle.
3 Variables loaded on extracted components.
4 BF = biceps femoris muscle.
5 SM = semimembranosus muscle.
6 SC = subcutaneous fat.
Physicochemical Characteristics
Fresh Parma Ham. The loading vectors associated with the physicochemical variables of fresh Parma ham are reported in Table 1 . Six factors were retained from FA, explaining 91.4% of the total variability of the original data. The control diet differed (P < 0.05) from the barleybased diets on the PUFA/SFA factor (F1). The Cometa and Astartis diets differed (P < 0.05) from the Alamo diet on the oleic acid factor (F3), whereas the Astartis diet differed (P < 0.05) from the Alamo and control diets on the linolenic/eicosenoic acid factor (F6). Although both C18:3n-3 or C20:1 fatty acids loaded on F6, the differences among the diets were mainly imputed to C18:3n-3. A sex effect (P < 0.05) was observed on the PUFA/SFA (F1), oleic acid (F3), and pH 24 h postmortem (F5) factors.
Dry-Cured Parma Ham. The loading vectors associated with physicochemical variables of dry-cured Parma ham are reported in Table 2 . Eight factors were retained from FA, explaining 84.0% of the total data variability. The control diet differed (P < 0.05) from the Cometa and Alamo diets on the MUFA factor (F1) and from all 3 barley-based diets on the PUFA factor (F5). Although the chemical parameters characterizing the PUFA factor were C18:2n-6 and C18:3n-3 fatty acids and omega-3:omega-6 ratio, the diet effect was mainly due to C18:2n-6 and omega-3:omega-6 ratio. No sex effect was observed on the physicochemical characteristics of dry-cured Parma ham.
Dry-Cured Piacentina Neck. Table 3 shows the loading vectors associated with the physicochemical variables of dry-cured Piacentina necks. Five factors were retained from FA that explained 86.4% of the total data variability. The Cometa diet differed (P < 0.05) from the Astartis and Alamo diets on the SFA factor (F2). Differences (P < 0.05) were observed among the control diet and the barley-based diets on the PUFA factor (F3). These differences were mainly due to C18:2n-6 fatty acid and the omega-3:omega-6 ratio. No sex effect was observed on the physicochemical characteristics of dry-cured Piacentina necks.
Color
Fresh Parma Ham. Table 4 shows the loading vectors associated with the color variables of fresh Parma ham. Five factors were retained from FA that explained 86.6% of the total data variability. No diet effect was observed on color parameters of fresh Parma ham. Nevertheless, the females differed (P < 0.05) from the males on the SM yellowness (F4) and SC taint/lightness (F5) factors.
Dry-Cured Parma Ham. Table 5 shows the loading vectors associated with the color variables of dry-cured Parma ham. Six factors were retained from FA that explained 86.8% of the total data variability. The hams obtained from the pigs fed the different diets showed similar average factor-based subject scores on the SM color (F2), BF redness (F3), SC yellowness (F4), and ST redness (F6) factors, whereas they tended to differ for their positions on the ST/BF yellowness (F1; P = 0.07) and SC redness (F5; P = 0.08) factors. No sex effect was observed on color parameters.
Dry-Cured Piacentina Neck. The loading vectors associated with the color variables of dry-cured Piacentina neck are reported in Table 6 . Two factors were retained from FA, explaining 96.0% of the total data variability. No diet or sex effect was observed.
Sensory Properties
Dry-Cured Parma Ham. The loading vectors associated with the sensory variables of dry-cured Parma ham are reported in Table 7 . Six factors were retained from FA, explaining 74.5% of the total data variabil- ity. No differences were observed between the hams obtained from the pigs fed the different diets, whereas a sex effect (P < 0.05) was found on the lean properties factor (F2). Furthermore, the hams obtained from females tended (P = 0.07) to differ from those obtained from males on the consistency factor (F1). Dry-Cured Piacentina Neck. Table 8 shows the loading vectors associated with the sensory variables of dry-cured Piacentina necks. Six factors were retained from FA that explained 85.3% of the total data variability. The control diet tended (P = 0.07) to differ from the barley-based diets on the consistency factor (F3). No sex effect was observed on the sensory properties of dry-cured Piacentina necks.
diScuSSioNS
The current work studied the quality and sensory properties of PDO Parma hams (i.e., fresh and dry cured) and Piacentina necks produced from pigs fed different cereal (i.e., corn and barley) grains. A great number of variables were measured and several characteristics were investigated regarding meat products. Anyway, the choice of single traits should not be considered the optimal strategy to exhaustively represent meat quality or meat technological properties, due to the fact that different parameters could concomitantly be related to the same aspect and that some analytical issues could happen in the determination of specific variables (Macciotta et al., 2012) . More often, researchers are interested to condense several original variables into combined indexes able to properly describe the different biological meanings, thus improving interpretation of their data. The aim of FA is to explain the outcome of all original variables using fewer latent structures, the socalled factors (Härdle and Simar, 2003) . As described by Macciotta et al. (2012 Macciotta et al. ( , 2015 , these statistical techniques represent efficient tools for analyzing complex correlation patterns and we remanded to these articles for a discussion of basic theoretical assumptions of FA.
The FA has had only limited application in animal science research fields, and it was used to asses dairy herd management (Enevoldsen et al., 1996) , to evaluate relationships between herd life and several type traits (Vukasinovic et al., 1997) , to model the shape of lactation curve (Macciotta et al., 2004 (Macciotta et al., , 2006 Aspilcueta-Borquis et al., 2012) , or to develop a corn silage fermentative quality index able to properly rank well and poorly preserved silages (Gallo et al., 2015a,b) . To the best of our knowledge, no studies applied FA for meat and derived product evaluations.
When FA is performed, the Kaiser's measure of sampling adequacy represents an important parameter used to asses if a data set is suitable for FA (Cerny and Kaiser, 1977; Macciotta et al., 2012 ; Gallo et al., 2013). In this study, the Kaiser's measures of sampling adequacy were higher than 0.57 and not too far from the empirical threshold of 0.8 (i.e., optimal value to consider a data set suitable for FA) and higher than the lower limit set at 0.5 by Cerny and Kaiser (1977) . In the current experiment, the FA was used to extract and interpret the latent structures. The interpretation of these latent structures was based on the study of specific loading vectors of each variable on extracted factors, as detailed by Gallo et al. (2015a) . Then, each replicate was characterized for its position on extracted factors by using factor subject scores and a diagnostic analysis was performed (Härdle and Simar, 2003; Gallo et al., 2015b) . The discussion of the results has been presented in agreement with this approach.
When FA was conducted on the physicochemical parameters of fresh or dry-cured Parma hams and Piacentina necks, a common PUFA factor (i.e., F1, F5, and F3, respectively, for 3 tested meat products) describing the unsaturation level of fat was detected. In particular, this factor was characterized by PUFA and omega-3:omega-6 ratio. The meat products obtained from the pigs fed the barley-based diets differed on these factors compared with the pigs fed a corn-based diet, showing a lower content of C18:2n-6 and a higher omega-3:omega-6 ratio. This result was expected because the control diet had an average C18:2n-6 level of 39% higher than the 3 diets based on barley (Prandini et al., 2015) . In fact, corn grain contains a higher percentage of C18:2n-6 compared with barley (1.9 vs. 0.88% as-fed basis; NSNG, 2010). From a human nutritional point of view, the diets based on barley resulted in meat products with fat characterized by a better omega-3:omega-6 ratio compared with the corn diet. Omega-3 and omega-6 fatty acids are 2 metabolically and functionally distinct classes of essential fatty acids. Clinical investigations indicated that a high dietary intake of omega-6 PUFA (low omega-3:omega-6 ratio) promotes the pathogenesis of many diseases (including cardiovascular disease, cancer, osteoporosis, and inflammatory and autoimmune diseases), whereas an increased dietary intake of omega-3 PUFA (high omega-3:omega-6 ratio) exerts suppressive effects (Simopoulos, 2006 (Simopoulos, , 2008 . Therefore, omega-3 and omega-6 fatty acids must be consumed in a balanced proportion to promote good health and normal body development. Studies reported that the optimum ratio between these fatty acids should be close to 1:4 to 1:5 and should not exceed 1:10 (Russo, 2009; Gómez Candela et al., 2011) .
In fresh hams, iodine number and SFA in addition to PUFA and omega-3:omega-6 ratio loaded on the PUFA/ SFA factor (F1). This factor discriminated SC of the pigs fed the barley-based diets from the SC of the control pigs. The latter was characterized by an iodine number about 4 points higher than the barley diets. Because unsaturated fatty acids are softer or less firm and more susceptible to oxidative modification, the iodine number can be used as an indicator of carcass fat firmness and quality. The hardness of pig fat plays an important role in pig quality and is affected by the C18:2n-6 to C18:0 ratio (Wood et al., 2004; Nishioka and Irie, 2006) . To avoid soft and oily ham SC, which may turn rancid during the 12-to-18-mo curing process, hams with SC of a high unsaturation level (C18:2n-6 >15% of total fatty acids) and iodine number (>70) are not accepted for PDO raw ham production. Although, in our study, all the fresh hams had SC with C18:2n-6 percentages and iodine values within the limits set by the Parma ham's consortium (Consorzio del Prosciutto di Parma, 2012), the SC of the pigs fed the diets based on barley was of firmer quality than the SC of the pigs fed the diet based on corn. Despite numerically higher values of PT for SC from barley-fed pigs than from corn-fed pigs, the drycured Parma hams showed a similar position on the fat hardness factor (F6) describing physical measures of fat hardness (PT). There exist controversial data about the effects of the replacement of corn with other cereal grains with lower C18:2n-6 content on pig fat hardness (Johnston and Li, 2011) . In agreement with our results, Lampe et al. (2006) found that barley reduced PUFA content and increased the SFA level of SC. Carr et al. (2005) found no differences in the fatty acid composition of carcass fat when comparing corn, wheat, and barley in pig diets. The barrows differed from gilts on the PUFA/SFA and oleic acid factors. In particular, the barrow SC had lower contents of SFA (C16:0 and C18:0), higher levels of PUFA and MUFA (C18:2n-6 and C18:1n-9cis), and, consequently, a higher iodine number.
Corn contains a higher amount of carotenoids, naturally occurring fat soluble pigments, compared with barley (NRC, 1998) , and this could contribute to the deposition of yellow-colored fat that is discriminated against by many consumers (Han et al., 2005) . Carr et al. (2005) and Opapeju et al. (2006) did not find any differences in the fat color of pigs fed a barley-based diet compared with those fed a corn-based diet. In agreement with previous studies, our findings showed that the fresh and dry-cured meat products obtained from pigs fed either the barley or corn-based diet had similar muscle and fat color grades. Nevertheless, the SC of the dry-cured hams produced from the pigs fed the diet based on corn (control) tended to be less red and less true red than the SC of the hams produced from the pigs fed the diets based on barley.
The sensory properties of dry-cured meat products are related to intramuscular lipid composition and to the extent of lipolysis and the oxidation of lipids during processing (Berdagué et al., 1993; Buscailhon et al., 1994 ). An increase in PUFA content in pig fat at the expense of SFA is desirable from a human health perspective (Sacks and Campos, 2006) . Contrarily, the incorporation of PUFA into pig fat can adversely affect sensory the quality and acceptability of dry-cured meat products (Gatlin et al., 2002 ). In the current study, there were no appreciable differences in the sensory properties of drycured Parma hams and Piacentina necks obtained from pigs fed the different dietary treatments. However, the necks obtained from the control pigs showed a lean and fat consistency tendentially lower than those produced by barley-based pigs. Lampe et al. (2006) did not report an effect of barley-based diet on the sensory quality of pig fresh meat. However, to our knowledge there is a lack of information about the sensory properties of dry-cured meat products obtained from pigs fed a barley-based diet. Our results showed a sex effect on the lean properties factor describing properties related to the aspect and odor of dry-cured hams. Indeed, the hams from barrows were depreciated compared with the hams from gilts for minor intensity, brightness, and uniformity of the lean, pinkish intermuscular fat and cured odor. Furthermore, the hams from barrows tended to have less consistency of the lean and fat and a greater soapy taste and intermuscular fat greasiness than the hams from gilts. These results were in agreement with the higher PUFA and MUFA found in the barrow SC, as previously described.
In countries where the climate seems to be getting warmer and drier such as Italy, there is interest in the use of barley in nonruminants diets (Prandini et al., 2015) . Extensive irrigation is provided to corn for maximizing yield. Conversely, barley is a drought-tolerant crop; therefore, its production could have a lower environmental impact because of the reduced water demand (Majumdar, 2013) . In conclusion, also taking into account previous data published by this research group, barley could be used as a replacement for corn in diets for heavy pig breeding for the production of PDO Italian products (such as Parma ham and Piacentina neck) without negative effects on pig growth performance; carcass characteristics (Prandini et al., 2015) ; or the physicochemical, color, or sensory characteristics of meat products. In particular, previous findings supported the hypothesis that feeding hulled or low-amylose hulless barley to growingfinishing pigs could be valuable to support maximum growth performance of heavy pigs without affecting carcass composition (Prandini et al., 2015) . The current results show that the fat unsaturation level of meat products could be improved by feeding barley-based diets to growing-finishing pigs and especially by including hulled or normal-amylose hulless barley varieties in diets.
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